The aim of the presented study was to determine whether pulmonary barotrauma without pneumothorax affects the parameters of acid-base balance. The experiment was conducted on rabbits divided into experimental and control groups. The animals from the experimental group were subjected to compression in the hyperbaric chamber and pulmonary barotrauma was induced using a method developed by authors. The arterial blood was sampled before the experiment, after anaesthesia and intubation, after injury, and after treatment (in the group undergoing hyperbaric therapy). All parameters of acid-base balance were found to be within the reference ranges. Since the biggest changes were observed after anaesthesia and intubation and not after the injury, it was concluded that pulmonary barotrauma had no significant effect on the parameters of acid-base balance.
Pulmonary barotrauma, the most common lifethreatening pathology in divers, is also observed in intensive care and neonatal intensive care units. The ventilator-induced pulmonary barotrauma is commonly accompanied by pneumothorax whereas vascular injuries and gas embolism are frequently observed in divers. According to numerous literature reports, the dramatically decreased respiratory surface, observed in the cases of pneumothorax, exerts significant effects on respiratory efficiency and further on acid-base balance (3) . However, there are no studies on the effects of pulmonary barotrauma without pneumothorax on acidbase balance carried out in larger groups of animals.
The aim of the study was to determine whether pulmonary barotrauma without pneumothorax affected pO 2 , pCO 2 , HCO 3 -, blood pH, and other parameters of acid-base balance. Till now, there are very few articles on the presented subject. Our study, apart from conclusions drawn from the experiments, shows some results (norms) in acid-base balance in blood of control rabbits. It can be useful for other authors in their future studies on acid-base balance in rabbits. This type of results cannot be found in literature and veterinary handbooks.
Material and Methods
The experiment was carried out on 34 German Lop rabbits of both sexes, aged 28-34 weeks, and weighing 2,240-5,250 g.
The experiment was performed in a pressure chamber for small animals, into which the anaesthetised and intubated rabbits were placed (10) . The air pressure in the chamber was increased at the rate of 1 ata per min up to the 3 ata. At the peak of inspiration, the airway was mechanically blocked and immediate decompression was initiated at the rate of 3 ata/min. Once the atmospheric pressure was achieved, the animals were removed from the chamber and desintubated. The entire management based on our experimental model imitates the mechanism of pulmonary barotrauma in divers (14) . 1 -time to the onset of first ventilation, w -time of ventilation, 2 -time to the onset of another ventilation, V kdecompression chamber volume, p CO2max -max. acceptable partial pressure of carbon dioxide in the chamber, pworking pressure of the chamber, x 1 -molar fraction of CO 2 in the chamber air before exposure, k -number of animals (in the present experiment -1), x k -molar fraction of CO 2 after completion of ventilation, x w -molar fraction of CO2 in the ventilation factor, x 0 -molar fraction of CO 2 in the chamber air at the onset of ventilation. 
To obtain reliable results, proper ventilation of the chamber had to be provided preventing any changes in the percentage composition of respiratory mixture. Proper ventilation methods should not allow achieving the borderline partial pressure of CO 2 , assumed at 1.5 kPa. The intermittent ventilation was used, involving cyclic exchange of respiratory air in the chamber. For this reason, hyperbaric exposure was divided into two stages: without and with ventilation ( Fig. 1) (4, 12) .
The used method is based on several mathematic formula derived from the relations describing the changes in the molar fraction of carbon dioxide during individual phases of exposure, which enable to determine the studied ventilation parameters (Fig. 2) .
The used methods included standard diving and operating procedures carried out during any kind of exposure (4, 12) . The time to the first ventilation and the time of ventilation were calculated based on the formula considering the CO 2 content in the chamber before exposure, whereas the time to the next ventilation(s) was calculated using the formula with the CO 2 content after completion of ventilation. Using the tables (9), the level of CO 2 emitted by the animal in the chamber was determined. The CO 2 fraction in the chamber atmosphere was determined based on calculations and measurements before and after exposure. Moreover, the fact that each next decompression station decreases the partial pressure of carbon dioxide was considered.
The exposure to hyperbaric conditions was short (4 min). Therefore, air pressure, including partial pressure of oxygen, was increased over the first 3 min; during the 4 th min, the animals did not breathe and the chamber was not ventilated. During hyperbaric therapy, the chamber was ventilated.
The animals of the control group were provided with the same breeding conditions as the experimental animals. The control group was divided into two subgroups: the first one -five animals subjected only to intubation and another one (procedure control) five animals subjected to all experimental procedures performed in the experimental groups except for airway blocking.
The experimental animals with induced barotrauma were also divided into two subgroups: -subgroup d -10 animals sacrificed immediately after decompression to atmospheric pressure, -subgroup dl -10 animals undergoing postdecompression hyperbaric oxygen therapy according to the modified therapeutic table '6' (Table 1 ) and then sacrificed. During the autopsy, the presence or lack of pneumothorax was determined. Moreover, the presence of macroscopic morphological markers of a recent pulmonary barotrauma was confirmed. The results of animals with autopsy-detected pneumothorax were excluded from further analysis (15) .
The arterial blood was collected from the auricular artery branch, medially or externally to the auricle, using a 0.6 mm needle to heparinised capillaries (11) before anaesthesia, after intubation, after barotrauma, and after hyperbaric therapy. After collecting and mixing, the capillaries were marked and placed in the refrigerator at 4 o C. After the experiment, gasometric measurements were performed in each animal; pH, partial pressure of carbon dioxide (pCO 2 ), and partial pressure of oxygen (pO 2 ) were determined. The remaining parameters of acid-base balance, i.e. actual and standard concentrations of bicarbonates (aHCO 3 and sHCO 3, respectively), base deficit-excess (BDE), concentration of total carbon dioxide (tCO 2 ), were calculated by an automated analyser. The determinations were carried out in a rkz analyser (Corning 288, Ciba-Corning) using suitable reference electrodes: an Ag/AgCl electrode for pH determinations (16), a Severinghaus electrode for pCO 2 determinations (13), and Pl-cathode and Ag-anode for pO 2 determinations for electrolysis intensity. The actual concentration of bicarbonates was calculated by the analyser using the following formula: (4) The quality of results was checked using standard samples of gases from Ciba-Corning. The precision of determinations was described as the coefficient of variation CV%, and the values obtained were CV% 3.6-4.9 for the analysed parameters.
The results were collected in tables and statistically analysed using the analysis of variance.
Results
The findings enabled to assess the effects of the individual stages of the experiment, particularly of barotrauma, on acid-base balance.
The level of blood pH after the experiment was slightly, yet statistically significantly increased (Fig. 3) and was within the level of confidence for the baseline pH. The results in all groups were within reference values for rabbits (6, 8) and similar species (11) . The highest pH increase was observed immediately after intubation. Moreover, partial pressure of carbon dioxide was found to be elevated, yet within the reference ranges (Fig. 4) , whereas, partial pressure of oxygen was decreased (Fig. 5) .
During the experiment, both the actual (Fig. 6 ) and standard concentration of bicarbonates were statistically significantly higher (Fig. 7) ; however, they were still within the reference values).
Similarly to partial pressure, the total concentration of carbon dioxide statistically significantly increased (Fig. 8) .
Moreover, oxygen saturation was slightly increased, yet the changes were not statistically significant (Fig. 9) .
Discussion
In the bicarbonate buffering system, carbon dioxide (CO 2 ) acts as an acid and bicarbonates (HCO 3 -) as a base (1, 2, 5) . Since in all rabbits from the experimental groups the concentration of HCO 3 -was elevated after barotrauma, it can be assumed that this factor causes an increase in blood pH.
In subgroups d and dl after anaesthesia and intubation, gasometric changes were observed, i.e. a decreased oxygen pressure and increased carbon dioxide pressure. This was most likely associated with hypoventilation caused by anaesthesia without the control of respiratory parameters (respiration rate, oxygen saturation) and with intubation followed by short airway blocking, which led to a momentary lack of pulmonary ventilation and inability to remove the excess of CO 2 from the body. By tending to restore the balance, the homeostatic system induced secondary CO 2 turnover (7), i.e. CO 2 and H 2 O combined to form the carbonic acid (H 2 CO 3 ) under the higher pressure; after decompression and return to normobaric conditions, weak H 2 CO 3 was decomposed to H + and HCO 3 -ions. Intubation followed by airway block also caused a decrease in partial oxygen pressure, leading to anoxia and a decrease in oxygen saturation. However, the findings demonstrated that after the experiment, partial O 2 pressure slightly increased.
After induced barotrauma, no statistically significant changes in gasometric parameters were observed in the experimental group. Hence, we can conclude that lung injuries, other than pneumothorax, do not significantly affect the partial pressure of oxygen and carbon dioxide. Hypoventilation with carbon dioxide retention should lead to respiratory acidosis (5, 7) . During the individual stages of the experiment, pH did not change significantly whereas increased concentration of bicarbonate ions after anaesthesia and intubation evidenced metabolic compensation for hypoventilation-induced respiratory acidosis. This is particularly visible in animals under longer observation, treated for barotrauma, which is connected with slower action of compensation metabolic mechanisms in response to rapid respiratory changes.
It is worth analysing why the pressure of gases and concentration of bicarbonate ions were not normalised during hyperbaric therapy with proper chamber ventilation. Was it associated with the depressive effects of drugs on respiratory parameters, parenchymal damage, or CNS changes caused by hypoxia and hypercapnia? Both hypercapnia observed after intubation and experimental parenchymal injury should result in accelerated respiration with carbon dioxide elimination, yet the pressure of this gas remained within normal limits and was only slightly different from the pre-barotrauma values.
The findings demonstrated that barotrauma, whose morphologic markers were found during autopsy macroscopically and microscopically, did not markedly affect acid-base balance. Moreover, the results showed indirectly that even extensive and multiple barotrauma did not affect significantly the respiratory efficiency.
In conclusion, pulmonary barotrauma, unless accompanied by pneumothorax, does not have significant effects on acid-base balance. Laboratory acid-base balance tests are not useful for the diagnosis of pulmonary barotrauma uncomplicated with pneumothorax. The changes in gasometric parameters observed during the experiment were related to anaesthesia, intubation, and airway block.
